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been reported after doses that were large enough to cause gross structural
damage (UN86).

Human Studies

The most definitive human data concerning the effects of prenatal
irradiation are those relating to brain development (UN86).

Severe Mental Retardation

Injurious effects of ionizing radiation on the developing human brain
have been documented in Japanese A-bomb survivors who were exposed
in utero (B173, B175, IC86, Mi76, Ot83, Sc86a, Sc86b, UN86, Wo67), in
whom the prevalence of mental retardation and small head size increases
with increasing exposure. In recent studies based on a cohort of 1,598 such
individuals, all of the 30 children who were found to have severe mental
retardation were diagnosed before the age of 17. Nine of the mentally
retarded individuals, only 3 of whom had doses greater than 0.5 Gy, also
had other health problems, presumably not related to radiation, which
might account for their severe mental retardation. Two individuals had
conditions unlikely to be casual for mental retardation, neonatal jaundice
and, possibly, neurofibromatosis. Three have or have had Down syndrome,
one a retarded sibling and another Japanese encephalitis during infancy.

Dosimetry: Estimates of the dose received by the children as fetuses
are not yet available from the DS86 system, but the intrauterine doses
received by their mothers should provide a useful approximation. DS86
organ dose estimates for the uterus have been computed for most of the
exposed mothers who were within 1600 m of the hypocenter in Hiroshima
and 2000 m in Nagasaki (Ot87, Ro87). Organ doses were modeled individ-
ually to take account of house shielding and the orientation and posture of
the exposed individuals. For exposed individuals with incomplete shielding
histories, the calculated free-in-air (FIA) kerma was adjusted by means of
average house and body transmission factors to obtain an average organ
dose. Under the DS86 dose system, neutrons are not a significant contrib-
utor to most fetal exposures; the DS86 FIA neutron kerma in Hiroshima
at 2000 meters was only 0.0004 Gy and in Nagasaki, 0.0003 Gy (Ro87).

Gestational Age: Gestational age is an important factor in determining
the nature of the radiation injury to the developing brain of the embryo
or fetus (B173, B175, Mi76, Ot83, Ot86, Ot87, Sc86a, Sc86b). Gestational
ages have been grouped to reflect the known phases in normal brain
development. The four categories measured from the time of conception
were 0-7, 8-15, 16-25, and >26 weeks. During the first period (0-7 weeks),
the precursors of the neurons and neuroglia emerge and are mitotically
active (Ma82). During the second period (8-15 weeks), a rapid increase in